Background. Some studies have demonstrated beneficial effects of L-arginine as a substrate for nitric oxide synthesis, and diclofenac as an inhibitor of cyclooxygenase (COX)-derived vasoconstrictive agents on vascular responses in humans during several pathological conditions. The aim of the present study was to investigate the acute effects of L-arginine and diclofenac on endothelium-dependent vasodilatation (EDV) and endothelium-independent vasodilatation (EIDV) in patients with chronic renal failure (CRF). Methods. Effects of L-arginine and diclofenac on EDV and EIDV were measured in 15 patients with CRF and in 15 healthy controls by means of forearm blood flow measurements with venous occlusion plethysmography during local intra-arterial infusions of methacholine (2 and 4 mgumin evaluating EDV) and sodium nitroprusside (5 and 10 mgumin evaluating EIDV). Results. L-Arginine infusion increased methacholineinduced vasodilatation both in patients with CRF and healthy controls. Diclofenac infusion increased methacholine-induced vasodilatation only in patients with CRF. There was no significant change in nitroprussideinduced vasodilatation after L-arginine and diclofenac infusions both in patients with CRF and healthy controls. Conclusions. These results suggest that COX inhibition reduces the levels of a prostanoid-derived vasoconstrictive agent contributing to the impaired EDV in patients with CRF, while in this age group L-arginine improves EDV regardless of renal function.
Introduction
The vascular endothelium produces a variety of biologically active substances that participate in the regulation of vascular relaxation and contraction. It is generally believed that nitric oxide (NO) is the principal compound being constantly released from the endothelium in order to maintain a proper vascular tone. NO is produced from the conversion of the semiessential amino acid L-arginine to L-citrulline by NO synthase in endothelial cells [1] .
It is well recognized that chronic renal failure (CRF) is associated with impaired endothelium-dependent vasodilatation (EDV) [2] . The basis for this is however unknown. Furthermore, Blum and co-workers [3] found that CRF is associated with NO deficiency and they suggested that L-arginine supplementation may improve renal function.
Two studies have demonstrated beneficial effects of L-arginine on vascular responses in vivo, both in experimental animals and in humans with several pathological conditions, including hypercholesterolemia and diabetes [4, 5] . Oral feeding of L-arginine appears to have beneficial effects on atherosclerosis development in cholesterol-fed rabbits [6] , and decreases proteinuria in diabetic rats [7] . L-Arginine was also found to correct renal failure-associated endothelial dysfunction in patients undergoing haemodialysis [8] .
Lü scher and co-workers [9] demonstrated in experiments in spontaneously hypertensive rats that inhibition of cyclooxygenase (COX) by indomethacin improved EDV, suggesting that endothelium-derived contracting factor (EDCF) is a prostanoid-derived factor, possibly thromboxane A 2 or prostaglandin H 2 . Furthermore, Taddei and co-workers [10] showed that a prostanoid-derived constrictive substance probably contributes to a defective EDV in hypertensive patients, as indomethacin restored EDV in these patients.
Thus, in order to further investigate the mechanism behind the impaired EDV in CRF, the present study examined the acute effects of L-arginine, as a substrate for NO synthesis, and diclofenac as an inhibitor of COX-derived vasoconstrictive agents, on EDV in patients with CRF and in healthy controls.
Subjects and methods
The study population consisted of 15 patients (Table 1) with renal impairment. All were out-patients recruited from the Renal Unit of the Department of Medical Sciences, University Hospital, Uppsala, Sweden. The diagnoses of the renal patients were: glomerulonephritis (ns5), diabetic nephropathy (ns3), nephrosclerosis (ns3), polycyctic kidney (ns2) and amyloidosis (ns2). The majority of the patients had a mild to moderate CRF and no patient was considered to need renal replacement therapy in the near future ( Table 1) .
The control population (ns15, Table 1 ) was recruited from the general population in Uppsala. Routine analyses showed that all controls had a normal renal function and no lipid metabolism disorders. No one with a history of any metabolic or other serious concomitant disease was included in the study. All patients and controls were non-smokers. All patients were on antihypertensive therapy (eight patients were treated with angiotensin-converting enzyme inhibitors, five with calcium channel antagonists and two with betablocking agents). No medication was given on the day of investigation.
All patients and controls underwent evaluation of resting forearm blood flow (FBF), EDV and endothelium-independent vasodilatation (EIDV) before evaluation of FBF during intra-arterial L-arginine infusion (80 and 40 mguh). In order to evaluate the effects of L-arginine infusion on EDV and EIDV, re-measurements of EDV and EIDV were performed during local infusion of a low dose of L-arginine (10 mgumin). To investigate the effects of COX inhibition on EDV and EIDV, the measurements of EDV and EIDV were re-performed during intra-arterial infusion of diclofenac (30 mguh) ( Figure 1 ).
Measurement of forearm blood flow
EDV was measured using venous occlusion plethysmography [11] . During the blood flow measurements the subjects were supine in a quiet room maintained at a temperature of 21-228C. An arterial cannula was inserted into the brachial artery of one arm for regional infusions of methacholine and sodium nitroprusside. A mercury-in-silastic strain gauge, connected to a calibrated plethysmograph, was placed at the upper third of the forearm, which rested comfortably slightly above the level of the heart. Venous occlusion was achieved by blood pressure cuff applied proximal to the elbow and inflated to 40 mmHg by a rapid cuff inflator. Approximately 4 inflationsumin for about 7 s each were performed.
After a measurement of resting FBF with venous occlusion plethysmography, local infusion of methacholine (2 and 4 mgumin) was performed.
To control the mechanical properties of the vascular bed in the skeletal muscle the exogenous NO-donor sodium nitroprusside (5 and 10 mgumin) was infused. The vasoactive drug infusions were given during 5 min for each dose, with a 20-min washout period between the drugs. The order of the vasodilatations was randomized. The increase in FBF after methacholine or nitroprusside infusion was taken as a measure of EDV or EIDV, respectively. The performing of venous occlusion plethysmography measurements was blinded. The coefficient of variation for the FBF measurements at rest and during methacholine and nitroprusside infusions has been found to be -10% in our hands [12] .
Laboratory variables
Measurements of serum creatinine and urea were performed using routine methods of the clinical chemistry laboratory. Twenty-four-hour urine collections were sampled, then acidified to a pH-2 before laboratory measurements. Triglyceride and cholesterol concentrations in serum were measured after an overnight fast by enzymatic methods, using IL Test Cholesterol Trinder's Method 181618-80 and IL Test Enzymatic-Colorimetric Method 181709-00 for use in a Monarch apparatus (Instrumentation Laboratories, Lexington, MA).
The study protocol was approved by the local ethics committee and informed consent was obtained from all participants.
Statistical analysis
Numerical data are presented as mean values"SD, while graphically depicted data are given as mean values"SEM (Figures 2 and 3) and mean values"SD ( Figure 4) . Differences between groups were calculated by factorial ANOVA while changes due to L-arginine or diclofenac administration were evaluated by ANOVA for repeated measurements. P-0.05 was regarded as significant. Fig. 1 . The study protocol. After arterial cannulation subjects were allowed to rest for 30 min before evaluation of blood flow (FBF) in resting forearm, EDV and EIDV. The measurements of EDV and EIDV were repeated during intra-arterial L-arginine and diclofenac infusions. 
Results
Infusion of methacholine increased FBF in both groups: in renal patients from 4.5"0.8 (SD) to 13.8"3.1 mlu minu100 ml tissue at the highest dose and in controls from 4.3"1.0 to 16.6"3.6 mluminu100 ml tissue ( Figure 2 ). As compared with controls, FBF was significantly lower during methacholine infusion in patients with renal failure (P-0.03). Infusion of nitroprusside caused an increase in the FBF in renal patients from 4.5"0.8 to 13.9"3.2 mlu minu100 ml tissue at the highest dose and from 4.3"1.0 to 15.3"3.5 mluminu100 ml tissue in control subjects (no significant difference between groups).
The infusion of L-arginine (40 and 80 mguh) increased FBF in both groups: in renal patients from 4.5"0.8 to 7.4"1.6 mluminu100 ml tissue (P-0.001) at the highest dose and in controls from 4.3"1.0 to 5.8"1.4 mluminu100 ml tissue (Ps0.003) (Figure 3 ).
The increase in FBF was significantly higher in renal patients (Ps0.005).
Infusion of L-arginine (10 mguh) increased resting FBF both in patients with renal failure (from 4.5"0.8 to 5.3"1.4 mluminu100 ml tissue, Ps0.004) and in healthy controls (from 4.3"1.0 to 4.9"0.9 mluminu 100 ml tissue, Ps0.03). Similarly, diclofenac infusions increased resting FBF in both groups: in patients with renal failure from 4.5"0.8 to 5.9"1.2 mluminu100 ml tissue (Ps0.004) and in controls from 4.3"1.0 to 4.9"0.9 mluminu100 ml tissue (Ps0.01).
L-Arginine infusion (10 mguh) resulted in a significant increase in FBF during methacholine infusion at the highest dose in renal patients from 13.8"2.1 to 15.0"3.1 mluminu100 ml tissue (Ps0.007) and in controls from 16.6"3.0 to 18.9"3.2 mluminu100 ml tissue (Ps0.01) (Figure 4) .
Infusion of L-arginine (10 mgumin) did not result in a significant change in FBF during nitroprusside infusion in renal patients and in controls ( Figure 5 ).
Diclofenac infusion increased FBF significantly during methacholine infusion at the highest dose from 13.8"2.1 to 15.5"2.4 mluminu100 ml tissue in patients with renal failure (P-0.05). There was no significant change in FBF during methacholine infusion in healthy controls (from 16.6"3.0 to 16.9" minu100 ml tissue) (Figure 4) . Infusion of diclofenac did not increase FBF during nitroprusside infusions in any of the groups ( Figure 5 ).
Discussion
The present study showed that low-dose intra-arterial infusion of L-arginine resulted in significant improvement in EDV both in patients with CRF and in healthy controls, while COX inhibition improved EDV in renal patients only, suggesting that a prostanoid-derived vasoconstricting factor contributes to the impairment in EDV, as demonstrated in the CRF patients.
A prostanoid-derived contracting factor has been found to be co-released by the endothelium during muscarinic-receptor stimulation in hypertensive patients [13] and in spontaneously hypertensive rats [9] . This can be disclosed by inhibition of the COX pathway, as used in the present study. Such EDCF has also been described to be acting in elderly subjects [13] and in hypercholesterolaemic rats [14] . As the patients with CRF in the present study showed a higher blood pressure, this might in part explain the beneficial effect of COX inhibition on EDV. Another mechanism whereby COX inhibition could improve EDV is by a decreased rate of lipid peroxidation. Lipid peroxidation products might inactivate NO by the formation of ONOO À . Recently, we were able to show that the oxidative status in CRF was closely related to EDV [15] . However, as this mechanism also would affect exogenously given NO, and no effect on FBF during nitroprusside infusion was seen, this mechanism seems less likely. It could be seen that although COX inhibition improved EDV, it was not normalized. This implies that other mechanisms are involved in the impairment in EDV seen in CRF.
It is known that high blood pressure might contribute to endothelial dysfunction. In the present study the patients with CRF had significantly higher systolic blood pressure compared with controls. However, our previous study [2] was able to demonstrate in large patient groups that EDV was impaired irrespective of high blood pressure.
COX inhibition increased resting FBF in both CRF and controls suggesting that during resting conditions a tonic effect of an EDCF is present in this age group.
In end-stage renal failure there is accumulation of methylated analogs of L-arginine, such as asymmetrical dimethyl arginine (ADMA). These substrates are known as competitive inhibitors of NO synthase [16] . Therefore, we administrated L-arginine, the precursor of NO, to patients with CRF and to the healthy controls to examine if the responses on methacholine and nitroprusside improved. The low dose of L-arginine (10 mgumin) resulted in an increase in resting FBF, as well as in EDV, in both renal patients and in controls with no significant difference between the groups, suggesting that lack of L-arginine, or competition by ADMA, do not play a role exclusively for CRF patients, but might be a general factor in this age group. Chauhan and co-workers [17] have also reported selective impairment of EDV with ageing and that administration of L-arginine can restore endothelial function.
It is well recognized that CRF is associated with impaired EDV [2, 3] . The basis for this is however unknown. L-Arginine infusion at higher doses resulted in an increase in FBF both in patients with CRF and in healthy controls, being more pronounced in patients with CRF. This finding supports the idea that patients with CRF have low L-arginine levels resulting in an impaired EDV and that increased concentrations of L-arginine would lead to an improvement in NO production. However, two recent studies demonstrated the normal plasma L-arginine levels in patients with CRF [18, 19] and acute administration did not improve arterial endothelial function in CRF [20] . Despite these facts the concentrations of L-arginine might be different between patients and healthy controls on the site of synthesis of L-arginine (in the endothelial cell).
In summary, this study demonstrated that intraarterial infusion of L-arginine augmented methacholineinduced vasodilatation both in patients with CRF and in elderly controls, while the COX inhibitor diclofenac augmented methacholine-induced vasodilatation in renal patients only. These results may suggest that COX inhibition reduces the levels of a prostanoidderived vasoconstrictive agent contributing to the impaired of EDV in patients with CRF, while in this age group L-arginine improves EDV regardless of renal function. However, these results do not indicate that diclofenac treatment is good in the renal patients because it may cause an iatrogenic renal failure. This study aimed to clarify pathophysiological mechanisms in patients with CRF.
